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Repeated Conjugation in 
(Closterium Pritchardianum, Arch. 


Observations on the life-history of Closterium pritchardianwm, 
Arch., made in a laboratory culture in 1926, revealed the existence 
of an unusual.type of periodicity in algal reproduction. Within 
a space of barely two months conjugation, following immediately 
on division, occurred three times. Between the three periods of 
active reproduction, each of which lasted about ten days, there 
were intervals of guiescence during which the only Closterium 
cells that were found were a few which had failed to conjugate. 
Observations had to be discontinued after the third reproductive 
phase, so that the subseguent behaviour of the Closterium was 
not determined. 'The division and conjugation processes were, 
however, studied in more detail two years later. 


1926 culture. 'The culture which furnished the material for 
the original observations was made with tap water and sandy 
soil collected from a temporarily dry water-course on the 
Stellenbosch Flats, Cape Province. 'The culture was started on 
March st, 1926, and from that date onwards was examined at 
intervals of a week or less. 


There was a seguence of overlapping phases, dominated in 
turn by Oscillatoria sp. and various naviculoid diatoms, several 
genera of autosporic Chlorococcales, Zygnema sp, and 
Oedogonium cardiacum var. carbonicum; but by July 29th most 
of these algae had declined, and the jar was filled by an almost 
pure growth of the Oedogonium. (Closterium pritchardiamwm 
first appeard on May 14th, but the numbers found on this date 
were small and continued small until suddenly, five weeks later 
(June 20th), large numbers were found adhering to Oedogonium 
filaments in the lower zones of the water. As these had appeared 
so suddenly and showed no trace of division, all the cells being 
perfectly symmetrical, the individuals found had presumably 
developed direct from zygospores present in the soil at the time 
of collection. Daily observations failed to show any cell-division 
till August 17th, when sudden rapid division set in, and on 
August 19th enormous numbers of zygospores, resulting from 
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conjugation of cells produced by division during the two pre- 
ceding days, were found in the jar. Sexual reproduction was 
so active that ten days later all but a few vegetative individuals 
had disappeared, the remainder being represented by the 
zZygospores on the surface of the soil. On examining the jar 
on September 17th, however, a fresh crop of zygospores, accom- 
panied by large numbers of empty cells and immature individuals, 
was found floating on the surface of the water and on submerged 
Oedogonium filaments, where three days earlier only isolated 
Closterium cells had been found. Division and  conjugation 
proceeded actively for ten days before this period of reproduction 
ceased and the freshly formed zygospores joined those of the 
first crop at the bottom of the water. On October sth, after 
approximately a fortnight of duiescence, a third crop of zygospores 
was formed under similar citcumstances. Division and conjuga- 
tion went on for ten days, and then ceased abruptly as on the 
two previous occasions. (Observations for 1926 had to cease at 
this point. 


1928 cullure. lt was felt that a more critical investigation 
of the behaviour of the Closterium might throw some light on 
the unusual periodicity observed in 1926. With this end in 
view another series of cultures was started at the beginning of 
March, 1928, with soil from the same locality as in 1926. A 
daily record of weather conditions was kept, in the hope of 
demonstrating a possible relation between periodicity and meteoro- 
logical changes. Much the same succession was observed as in 
1926, the most notable variation being that Oedogomium fragile 
took the place of O. cardiacum var. carbomicum, which failed to 
appear. Closteriwm pritchardianwm was first found on April aoth, 
but remained scanty until September 6th, when rapid vegetative 
multiplication made it very abundant. On September IOth con- 
jugation began, and continued, as on the three occasions in 1926, 
for ten days. Owing to the rapid multiplication most of the 
individuals were immature (i.e. with one semicell only partly 
grown), and these juvenile individuals alone conjugated. 'The 
cessation of reproduction was, as in 1926, very abrupt. 'Thus, 
active division and conjugation were still in progress on September 
19th, but the next day hardly a trace of the Closterium was to 
be found in the water, although the surface of the soil bore a rich 
Crop of zygospores which had been forming during the ten 
preceding days. 
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This was the end of the reproductive activity of Closterium 
Pritchardianum for the year. 'The few individuals left in the 
vegetative condition on September 19th grew to their full size, 
but failed either to divide or to conjugate, so the 1928 culture 
did not throw light on the conditions which brought about repeated 
division and conjugation in 1926. 


Field observations, made in 1928 on representative samples 
collected within the area from which the soil for the cultures 
had been taken, showed neither division nor conjugation, even 
when these were most active in the laboratory material. 


Cell-divisiom. In 1928 several cultures were made in special 
moist chambers in order to follow the processes of division and 
conjugation. Repeated observation established the fact that the 
capacity for division is not confined to morphologically adult 
individuals, but is also possessed by juvenile cells, provided that 
their volume is not less than approximately half that of a mature 
individual. 'The age and size of the dividing cells (and hence 
the proportion of mature to immature individuals) varies with 
the rate of division, and this, in its turn, is presumably regulated 
by environmental factors. 


The mode of formation of the new wall of the semicell agrees 
in essensials with that described by Litkemiller (1902 & 1917) 
for other species of (Closterium. After separation of the two 
daughter cells the new piece of each, covered by half of the original 
septum, acdguires the form of a cone by apical growth, in a 
fashion similar to that observed by Lutman (1910 & I9I1) in 
Closterium moniliferum and C. ehrenbergu. ln an empty cell 
at this stage the junction between old and new cell pieces appears 
as a fine transverse line, or, where the cell has been involved 
in previous divisions, as a series of parallel lines, on the wall 
of the older semicell. (Fig. 2, CJ) Simultaneously with these 
changes the nucleus of each new individual migrates to the centre 
and this is followed sooner or later by division of the chloroplast. 
This division may take place at once or be deferred, according 
as the new individual is being formed from a fully mature semi- 
cell or an immature one. Tn the latter case division of the 
chloroplast is not completed until the older half of the new. cell 
is nearly full-grown. (Fig. 1, A-D.) 
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'The difference in external appearance between cells in the 
vegetative condition and those involved in reproduction is very 
striking, and has been commented on by Lutman (T910) in the 
case of (C. moniliferum and C. ehrenbergii. In the present case 
it was noticed that vegetative cells were without exception a 
comparatively pale, though brilliant, yellow-green, with a more 
or less homogeneous appearance of the chloroplast, while those 
undergoing either division or conjugation were a vivid blue-green, 
and intensely granular owing to a great accumulation of strach. 
"There is little doubt, therefore, that reproduction was immediately 
preceded by a period of intensified metabolic activity during which 
a large guantity of nutritive material was acctmulated, and this 
confirms the previous observations of Hodgetts (1921 & 1922), 
Transeau (1916) and others (cf. West & Fritsch, 1927, p. 46). Tt 
is of interest to note that both in 1926 and 1928 each period of 
division and conjugation was preceded by several days of dull 
weather, during which the accumulation of starch occurred. 
Although repeated conjugation in 1926 was constantly associated 
with dull weather, similar conditions did not bring about a 
repetition in 1928, even though all other external circumstances 
appeared to be favourable. 


(Conjugation. Sexual reproduction is most active between 
2 and 5 a.m., although a few cells were found in conjugation 
as late as 10.30 a.m. 'The whole process is completed in half 
an hour or less. Conjugation is initiated by transverse splitting 
of the cell walls of the apposed individuals at the junction, 
previously referred to, between the old and new wall segments 
of each. (Fig. 2, A-C.) 'The split extends round each cell ar 
this point, leaving only a narrow, hinge-like strip connecting the 
two segments, and the two portions separate to allow of the 
escape of the protoplasts. 'These meet, without immediate fusion, 
and the zygote so formed rapidly assumes a spherical or elliptical 
sbape. (Fig. 2, D & E.) Complete fusion of the protoplasts is 
delayed until the zygote has developed a cellulose wall, and is 
followed by a change of the reserve material of the spore from 
starch into oil, and of the colour from green to red-brown. 
Simultaneously an extra coat is deposited, and the mature spore 
sinks to the bottom of the water. 


The conjugating individuals, as in certain other species of 
Closterium, were invariably juveniles, produced during the period 
of rapid cell-division immediately preceding sexual reproduction. 
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When produced by the division of an adult cell, the two new 
individuals mostly conjugated shortly after separation. But when 
the dividing cell was itself juvenile and conseguently asymmetri- 
cal, so that division resulted in juvenile cells of unegual sizes, 
the larger alone conjugated, while the smaller continued to 
grow in size. Most of the few individuals left after the periods 
of conjugation in both 1926 and 1928 were these undersized cells. 


Discussion. 'The fact that Closterium was represented at 
the beginning of each period of guiescence almost entirely by 
cells too immature for conjugation, makes it extremely probable 
that the periods of rapid multiplication and conjugation ending 
this guiesoence were due to the fact that these cells had then 
reached maturity. lt is unfortunate that cultural experiments in 
1928 failed to settle this point; but they showed conclusively 
that the two recrudescenes in 1926 could not have been due to 
the premature germination of the zygospores, and the only 
alternative seems to be that they were occasioned by the multipli- 
Cation of the few individuals which escaped conjugation. 


Sexual reproduction in algae of this type is commonly 
associated with the close of a vegetative period, and those 
individuals which escape conjugation presumably soon die. In 
the present case, however, the cells involved in reproduction have 
all the potentialities of further growth, and there seems no reason 
why those which fail to conjugate should not eventually divide 
to produce offspring capable of conjugating. Under these 
circumstances, the interval between successive periods of repro- 
duction might reasonably represent the time taken by the small 
cells to grow to their full size. Why they should not have 
conjugated in 1928, as they did in 1926, remains obscure. (Con- 
ditions outside the culture vessels were so similar in both years 
that one can only hazard the suggestion that the inhibiting 
factors were within the cultures themselves. 
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SUMMARY. 


Conjugation, following immediately on a period of rapid 
cell-division, occurred three times within a period of two months 
in a Culture of Closterium pritchardianwm, Arch. Each of the 
periods of active reproduction lasted for about ten days, con- 
jugation being most active between 2 and s a.m., and there 
was about a fortnight of guiescence between. 


Owing to the rapidity of successive divisions during each 
reproductive period, there were produced a certain number of 
individuals too small to conjugate. 'The species was represented 
during each period of guiescence mainly by these undersized cells, 
and the subseguent recurrences of active reproduction occurred 
when they had reached mature size. 


(ell-division is preceded by a great accumulation of starch. 
The mode of formation of a new wall agrees with that described 
for other species of Closterium. 


This investigation was carried out in the Botanical Laboratory 
of the University of Stellenbosch at th€ suggestion of Dr. A. 
V. Duthie, whom 1 wish to thank for her useful advice and 
unfailing interest in the progress of the work. For helpful 
criticism | am much indebted to Professor F. E. Fritsch of East 
London College, and Miss E. L. Stephens of the University of 
Cape Town. 


Stellenbosch, C.P., 
South Africa, 
September, 1932. 
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A, cell 
(X38175.) 


Closterium Pritchardianum, 


before division. 


1—A—D, 
Arch. Division of a juvenile cell. 


Fig. 


D, 


Arch. 
newly-formed zygospore; E, mature zZygospore. 


conjugation of juvenile cells. 
(X875.) 


Fig. 2.—Closterium Pritchardianum, 
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